Objectives: The purpose of this article is to systematically review the circumstance of oral cancer around osseointegrated dental implants. Material and Methods: An electronic literature search was conducted through the MEDLINE (PubMed) and EMBASE databases. The search was restricted for articles published during the last 21 years from January 1996 to April 2017 and articles were limited to English language. Results: A total of 35 articles were reviewed, and 19 of the most relevant articles that are suitable to the criteria were selected. Case reports were analysed when oral cancer was present in patients with dental implants. Finally, the present data included 28 patients. Conclusions: A direct link between dental implants and oral cancer was not found. It was observed that there were no significant differences in number of incidences of oral cancer between patients with history of malignancy and those without. More research should be made to document such cases. It was noticed that in many cases oral cancer around dental implant present itself as peri-implantitis, correct differential diagnosis is essential in such cases.
INTRUDUCTION
Oral cancer, also known as mouth cancer, is a type of head and neck cancer and is any cancerous tissue growth located in the oral cavity [1] . It may arise as a primary lesion originating in any of the tissues in the mouth, by metastasis from a distant site of origin, or by extension from a neighbouring anatomic structure, such as the nasal cavity. Alternatively, the oral cancer may originate in any of the tissues of the mouth, and may be of varied histologic types: teratoma, adenocarcinoma derived from a major or minor salivary gland, lymphoma from tonsillar or other lymphoid tissue, or melanoma from the pigmentproducing cells of the oral mucosa. There are several types of oral cancers, but around 90% are squamous cell carcinomas (SCC), [2] originating in the tissues that line the mouth and lips. Oral or mouth cancer most commonly involves the tongue. It may also occur on the floor of the mouth, cheek lining, gingiva (gums), lips, or palate (roof of the mouth). Most oral cancers look very similar under the microscope and are called SCC, but less commonly other types of oral cancer occur, such as Kaposi's sarcoma. It is well documented that oral SCC related to risk factors such as smoking and alcohol consumption as well as premalignant lesions and conditions such as leukoplakia, oral lichen planus (OLP), and previous malignancy of the upper respiratory system and gastrointestinal tract. Osseointegrated dental implants are rarely reported in association with oral SCC [3] . Rehabilitation using dental implants has become a popular treatment option and with its popularity there is an increased in implant related complications with emphasis on inflammatory processes that affect the bone and soft tissues which may require a differential diagnosis from malignant lesions. Also it is reported in the literature that in some types of cancer it has been shown that chronic inflammation play a role in cancer development [4] . In this study, we discuss the hypothesis of such principle in regard to chronic inflammation around dental implants. Presented here a review of the cases published in the literature on oral carcinomas in connection with dental implants and it was examined whether there is direct relationships between the complications arrive from dental implants and the development of oral cancer.
MATERIAL AND METHODS Protocol and registration
Analysis and inclusion criteria methods were specified in advance and documented in a protocol. The review was registered in an international prospective register of systematic reviews 'PROSPERO' [5] . The protocol (registration No.: CRD42017067200), can be accessed through the following link: http://www.crd.york.ac.uk/PROSPERO/display_ record.asp?ID=CRD42017067200
Focus question
The focus question developed according to the problem, intervention, comparison, outcome and study design (PICO) is presented in Table 1 .
Question
What is the association between oral cancer appearances around dental implants in patients with\ without a history of oral or systemic malignancy?
Types of publications
The review included case reports, case reviews, retrospective and prospective studies that were published in the English language on humans. The excluded articles were in non-English language and abstracts lacking full text.
Types of studies
The review included any case reports that presented with the relevant criteria. 
I (intervention/indicator) Chronic inflammation around dental implants

C (comparison)
Comparison between patients with\without a history of oral or systemic malignancy
O (outcome of interest)
Oral cancer prevention\early diagnosis
Focus question
What is the association between oral cancer appearances around dental implants in patients with\without a history of oral or systemic malignancy?
Inclusion and exclusion criteria Inclusion criteria for the selection
The full text articles with possible relevance were assessed with the following inclusion criteria:
• Case reports of patients that presented oral cancer around osteointegrated dental implants.
• Humans only, adults.
• Patients who classified as pre-malignant.
• All suspected oral cancer must be confirmed by histologic examination.
• Minimum follow-up of 6 months after implant placement.
Exclusion criteria for the selection
• Articles without sufficient information such as relevant patient anamnesis and etc.
• Articles that were not published in dental journals.
• Dental implants articles which were part of a big rehabilitation after and due to a previous oral cancerous condition.
• Articles where the implants were not dental implants.
• Articles where the implants were not titanium alloy based implants.
Sequential search strategy
The selected articles were subjected independently to clear inclusion and exclusion criteria by seven reviewers as follows. The seven reviewers resolved differences obstacles through discussion and consulting a third party who was an experienced senior reviewer. Following the initial literature search, all article titles were chosen according to title relevancy, considering the exclusion criteria. Following, studies were excluded based on irrelevant data obtained from the abstracts. The final stage of screening involved reading the full texts and confirming each study's eligibility based on the inclusion criteria.
Data extraction
The data were independently extracted from studies in the form of variables, according to the aims and themes of the present review, as listed onwards.
Data items
Data were collected from the included articles and arranged in the following fields:
• "Author" -revealed the author.
• "Year"-revealed the year of publication.
• "Number of patients"-number of patients included in the review.
• "Diagnosis"-patient diagnosis.
• "Mimicking peri-implantitis"-relevant to clinical manifestation of symptoms.
• "History of cancer/pre-malignancy"-relevant to patients history of cancer.
• "Habits"-relevant to habits such as smoking and alcohol consumption.
Checklist for case reports
The Joanna Briggs Institute critical appraisal tools for use in JBI systematic reviews were used to assess the quality of the studies and to identify papers with intrinsic flaws that could affect the cumulative evidence [7] . Risk of bias assessment parameters:
• 
RESULTS
Study selection
The search delivered 230 search results, from which 35 abstracts were examined ( Figure 1 ). A total of 19 articles were ultimately reviewed in full. Preliminary exclusion was made by the title and its relevancy and later by abstract relevancy. Finally, studies which did not meet the inclusion criteria were filtered. Nineteen studies met the inclusion criteria and the presented data. Finally, the presented data included 28 patients.
Study exclusion
The reason for excluding studies after full-text Articles where dental implants were part of a big rehabilitation after and due to a previous oral cancerous condition (n = 7)
Abstracts examined (n = 28)
Articles included (n = 19)
Not relevant titles assessment was as follows: articles [7] [8] [9] [10] [11] [12] [13] where dental implants were part of a big rehabilitation after and due to a previous oral cancerous condition.
Quality assessment
The quality assessment of the included studies revealed an unknown risk of bias (for one or more key domains) for the all of the included studies [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] ( Table 2) .
Study characteristics Patients with prior history of malignant or premalignant condition
In total it was found that in total 13 patients had some type of history of malignancy or premalignant condition [14] [15] [16] 18, 20, 21, 24, 27, 31] . This data was extracted out of a total of 28 patients (Table 3 ).
The first reported cases found in regard to oral cancer and implant presence were in 1996 by Clapp et al. [14] reported unusual series of 3 cases of SCC arising around an implant. One case presented a prior history of malignancy. The second reported case found in regard to oral cancer and implant presence was in 1997 by Moxley et al. [15] the study presented a case report of SCC developing in conjunction with mandibular staple implant. One might argue that staple implant should not be included in the inclusion criteria because it is not a standard implant, but we decided that the proposed mechanism for malignancy is the same and thus the study is eligible for this paper. Block and Scheufler [16] reported a case in 2001 of SCC appearing as peri-implant bone loss. The patient was an exsmoker and had a history of verrucous carcinomas.
It was the first case reported when we can observe the problem of malignancy being camouflaged as peri-implantitis and it illustrates the need of careful assessment of peri-implant changes of patients with history of oral cancer. In 2006, Czerninski et al. [18] presented two cases of oral SCC adjacent to dental implants in patients at risk for oral cancer, in one case it was a heavy smoker with OLP and the other had a history of previous oral and colon cancer. They also empathized that patients at risk for oral cancer, especially those with multiple existing risk factors that present with failing dental implants, should be thoroughly evaluated to rule out the presence of malignancy disguised as periimplant disease. In 2007, Abu El-Naaj et al. [20] published two cases which also as in the previous studies initially mimicked peri-implantitis. The first case: a 72 year-old patient, smoker, presented with chronic lichen planus; he was carrying two implants supporting an over denture with ballattachments, placed 15 years before. He presented with an ulcerated symphyseal tumour and bone loss around implant in position #43. The implant had been spontaneously pushed out. The second case: A 70 year-old woman presented with an exophytic tumour developed around dental implants placed in the anterior part of the mandible. Panoramic X-rays showed major osteolysis, especially around the distal abutment implants. In both cases the diagnosis was SCC. It was recommended by the author that patients with risk factors for SCC (smoking or alcohol consumption, precancerous lesions) are an indication for a permanent follow-up. Biopsies should prove the diagnosis. In 2008, Kwok et al. [21] presented three case reports. The first case concerned a 62-year-old male with a history of high consumption of tobacco and alcohol. The patient was treated with 8 implants.
An ulcer was found in the lower right premolar area. Biopsy was taken and revealed a well-differentiated carcinoma. The second case concerned a 71-year old male, a heavy alcohol consumer and an exsmoker. He was treated with 2 implants in the lower incisor area. An ulcer appeared 6 years after the treatment which resulted to be a well-differentiated SCC. In the case presented by Gallego et al. [24] an 81-year-old edentulous woman with history of OLP developed an in situ SCC on the left mandibular edentulous ridge. There were not any risk factors. The patient was treated with a marginal mandibular resection and rehabilitated with implants. One year later, the patient developed a recurrence over the resected area, requiring segmental mandibulectomy. This case report, as other studies that are presented in this review, demonstrates that recurrent primary malignancy can masquerade as benign peri-implant complications. A high degree of attentiveness is required in the follow-up of patients with previous cancer or premalignant lesions. Another case of oral cancer camouflaged as peri-implantitis was in 2009 by Gulati et al. [27] The case presented was of a 62-year-old woman who presented with a white patch in the oral cavity, diagnosed to be a SCC. She went through surgical reconstruction with micro vascular fibula graft. The patient had undergone posterior implant treatment for the prosthetic rehabilitation. Repeated events of peri-implantitis lead to biopsy in the inflamed area, which resulted to a diagnosis of oral SCC. In 2015, Favia et al. [31] reported a case of a 66-year-old female patient, who had received intravenous bisphosphonates for bone breast cancer metastases. The patient came for a non-implant surgery-triggered PI-MRONJ. After surgical resection of the necrotic bone, conventional and immunohistochemical examinations were performed, which showed breast cancer deposits within the necrotic bone. It was recommended by the authors that clinicians should be prudent when performing implant surgery in cancer patients with advanced-stage disease and consider the possible occurrence of peri-implant metastases while planning adequate treatments in such patients. In 2016, Raiser et al. [32] reported three cases of patients that presented with asymptomatic lesions around longstanding dental implants that resembled periimplantitis. One case was primary large B-cell lymphoma and the remaining cases were primary SCC in patients with OLP.
Patients without prior history of malignant or premalignant condition
In this review 15 patients in total showed no history of malignancy and yet presented with SCC. [17, 19, [21] [22] [23] 25, 26, [28] [29] [30] .
As was mentioned before, Clapp et al. [14] presented three cases of SCC arising around an implant, one of the cases did not have a history of risk factors and the third presented with moderate dysplasia of the oral mucosa. In 2004, Shaw et al. [17] described two cases where second primary malignancy in the peri-implant tissues necessitated further major resections. The patients were without a prior history of malignant lesions or risk factors, a 67-year-old male and a 64-year-old female. In both cases, the initial clinical appearance and histology suggested peri-implantitis. These cases exhibit that second primary malignancy can masquerade as benign periimplant complications and that a high degree of caution is required. It was recommended that fixed prostheses should be regularly removed, especially in patients who have field change. In 2007, Dib et al. [19] presented a case where a female patient was referred to the clinic with symptoms of irritation, swelling, and pain associated with implants in the mandible and the maxilla. Clinical examination, X-ray, and histopathology revealed that the patients suffered from a metastatic lesion, primary tumour being an adenocarcinoma of the breast diagnosed at the same time. In 2008, Kwok et al. [21] presented three case reports. Two were discussed in previous chapter. The third case is a 67-year-old female. In 1992, she had a breast tumour which was removed.
In 2001 and 2004 she had operations for carcinomas of the tongue. In 2006, granulation tissue was found around dental implant during removal of hyperplastic lesion in the lower lip. After biopsy of the granulation tissue, early stage of SCC adjacent to the implant was found. In 2008, Schache et al. [22] presented a case of a 77-year-old male with no history of cancer and without any known risk factors. Exophytic lesion was found around implants that support a fixed denture. The lesion was found 5 years after implant placement. In 2008, Chimenos-Küstner et al. [23] reported a case of a 62-year-old woman, moderate ex-smoker, who quit smoking tobacco 10 years ago and she was a moderate alcohol consumer, without a prior history of cancer. A few weeks after the implants were inserted in positions #41 and #31, she began to develop a fast-growing exophytic lesion around them. The histopathological examination found a moderately well-differentiated SCC. The treatment consisted of partial mandibulectomy and removal of both right and left lymph nodes. It was recommended in the study to use complementary diagnosis tools (imaging, biopsies) before any rehabilitation treatment with implants to prevent similar developments. However, we feel that such recommendations are not realistic for each patient unless he has a prior history of cancer. The other studies presented in this review seem to share a similar point of view to ours. In 2008, Eguia del Valle et al. [25] presented a study, where primary oral SCC arising around dental osseointegrated implants mimicking peri-implantitis.
In the case was presented a 76 male patient with no previous history of malignance and no risk factors related to oral cancer. Two implants were placed in the right side of the mandible. The patient exhibited sings of peri-implantitis and curettage was performed. Histopathological examination revealed a welldifferentiated SCC. Also in 2008, in McGuff et al. [26] reported a case of a 38-year-old woman that 11 months after receiving a dental implant developed a low-grade chondroblastic osteosarcoma of the right maxilla. It was recommended that dentists should be aware of such possible complications even if they are rare. In 2010, De Ceulaer et al. [28] presented a case of a 54-year-old white man, after implant placement in the region of tooth #3; ulceration around the implant site was noticed. The patient stated that before the dental implant placement, he did not notice any oral ulcers. Radiographic examination with an orthopantomogram revealed an area of bone loss around the dental implant. An incisional biopsy of the region was immediately performed, and the histologic examination revealed SCC. In 2012, a case was reported by Bhatavadekar [29] the patient presented was a 54-year-old white man with no history of cancer. The patient had visited his dentist for implant placement in the region of tooth #3. Over the next several months, he had noticed
an ulceration around the implant site, with a "slight swelling," which he attributed to his lack of brushing in the region. The patient stated that before the dental implant placement, he had not noticed any oral ulcers, an incisional biopsy of the region was immediately performed, and the histologic examination revealed well-differentiated epithelial cells, with keratin pearl formation, nuclei scattered around central mass, irregular basement membrane, and a superficially invasive nature. These classic histologic features of a low-grade SCC confirmed the diagnosis. Jané-Salas et al. [30] presented two cases in 2012, one of a 42-yearold male. The patient presented partial edentulism in both lower quadrants and was recommended implant placement in areas #36, #37, #46 and #47 as rehabilitation, which he accepted, and the implants were placed in September of 2007. For various reasons, the patient did not undergo a prosthetic phase and did not come in for a check-up until December 29, 2008 , presenting a non-painful, non-bleeding lesion on the right outer edge of the tongue, which the patient attributes to self-traumatism. Slightly hardened edges are observed upon palpation of the lesion, the patient refuses to undergo a biopsy. The patient does not come in for a visit until February 22, 2009 and upon observing the persistence of the lesion with negative cervical palpation the patient undergoes a biopsy and is diagnosed with SCC. The second case has to do with a 79-year-old male, without any relevant medical history, a non-smoker and nondrinker, wearing a full oral implant-supported denture for the past 9 years. Traumatic origin is suspected due to a fracture of the ceramic in the area. The restoration was polished and a follow-up appointment was done after 8 days. During the follow-up visit, an improvement of the lesion is noted and the patient agreed to have 3 additional implants placed in order to redo the lower rehabilitation. The treatment took place on January 25, 2007, observing a small residual lesion in the ulcerated area therefore, an incisional biopsy was performed. The result revealed moderately differentiated oral SCC.
DISSCUSION
Although inflammation has long been known as a localized protective reaction of tissue to irritation, injury, or infection, characterized by pain, redness, swelling, and sometimes loss of function, there has been a new realization about its role in a wide variety of diseases, including cancer. While acute inflammation is a part of the defence response, chronic inflammation can lead to cancer. Several pro-inflammatory gene products have been identified to mediate a critical role in suppression of apoptosis, proliferation, angiogenesis, invasion, and metastasis. Among these gene products are tumour necrosis factor (TNF) and members of its superfamily, interleukin-1 alpha (IL-1α), IL-1β, IL-6, IL-8, IL-18, chemokines, matrix metalloproteinase-9, vascular endothelial growth factor, cyclooxygenase-2, and 5-lipoxygenase. The expression of all these genes are mainly regulated by the transcription factor nuclear factor-κB, which is constitutively active in most tumours and is induced by carcinogen (such as cigarette smoke), tumour promoters, and carcinogenic viral proteins [33] . In regard to dental implants, the soft tissue around dental implants is an area that might be going through repeated inflammation. This inflammation might take a part in the development of oral cancer. The reason is the action of cytokine mediators such as: prostaglandins, IL-1, IL-6 and TNF [34] . Schache et al. [22] proposed that implants might provide a route of entry for SCC to the mandible due to the loss of periodontal ligament. We noticed that in most cases when oral cancer arises around dental implants it is when patients had history with some form of cancer. Also habitual consumption of alcohol and tabaco are of important risk factors for oral cancer as seen in many of the studies [14] [15] [16] [17] . The perhaps most noted aspect that we discussed here is that in many cases oral cancer presents itself was in the form of periimplant infection. From the results it was evaluated that 13 patients presented with SCC mimicking periimplantitis [16] [17] [18] 20, 24, 25, 27, 28, 32] . The importance is in recognizing that in the cases of high risk patients, careful evaluation should be made [14] [15] [16] [17] [18] . This is important nowadays especially because in cases of oral dysplasia it is currently impossible to predict accurately which lesions will progress. More accurate markers predicting progression to cancer would enable the targeting of these lesions for more aggressive treatment and closer follow-up, as this was reviewed by Smith et al. [35] . Unfortunately clear biomarkers for oral cancer are yet to be discovered and more research should be done on the subject, until we will have clear biological markers for oral cancer each patient with of oral dysplasia should be evaluated as one with a high risk for cancer especially when dental implant therapy is planned.
CONCLUSIONS
It was observed that there were no significant differences in number of incidences of oral cancer JOURNAL OF ORAL & MAXILLOFACIAL RESEARCH Pinchasov et al.
between patients with history of malignancy and those without; however more research should be made to document such cases. A direct link between dental implants and oral cancer was not found. It was found that in many cases oral cancer around dental implant present itself as peri-implantitis. It is highly recommended to take extra care in the evaluation of such symptoms, to be able to perform correct differential diagnosis and in some cases biopsy should be considered.
